ABSTRACT
Main results
Eight trials comparing different open repairs for incisional hernias were identified; one trial was excluded. The included studies enrolled 1,141 patients. The results of three trials comparing suture repair versus mesh repair were pooled. Hernia recurrence was more frequent, wound infection less frequent in the direct suture group compared to the onlay or sublay mesh groups. The recurrence rates of two trials comparing onlay and sublay positions were pooled. This comparison yielded no difference in recurrences (two studies pooled), although operation time was shorter in the onlay group (one study). No difference was found in recurrence, satisfaction with cosmetics, or infection between the onlay standard mesh and skin autograft groups, following analysis pooling the two treatment arms. However, the analysis demonstrated less pain in the skin autograft group. Other trials comparing different mesh materials or different positions of the mesh, or comparing mesh with the components separation technique are described individually. The comparison between lightweight and standard mesh showed a trend for more recurrences in the lightweight group. The comparison between onlay and intraperitoneal mesh positions resulted in non significant fewer hernia recurrences, less seroma formation and more postoperative pain in the intraperitoneal group.
No differences in the recurrence rates between the components separation and the intraperitoneal mesh technique.
Authors' conclusions
There is good evidence from three trials that open mesh repair is superior to suture repair in terms of recurrences, but inferior when considering wound infection. Six trials yielded insufficient evidence as to which type of mesh or which mesh position (on-or sublay) should be used. There was also insufficient evidence to advocate the use of the components separation technique.
PLAIN LANGUAGE SUMMARY
Open surgical procedures for incisional hernias.
An incisional hernia is a bulge of tissue or an organ through an operation scar in the abdominal wall. Incisional hernias occur in 10 to 23 percent after abdominal operations.
This review question the choice of open operative repair technique, somehow controversial due to a high failure rate, reported as high as 54%. Open mesh repair has a lower failure rate (recurrence) than open suture repair, but mesh repair are complicated by more wound infections. No conclusions could be drawn on which type of mesh should be used because of lack of trials. Also no inference was drawn about the position of the mesh (below or above the fascia). More randomized clinical trials are needed to answer all the remaining questions.
BACKGROUND
Incisional hernias are ventral hernias through an operation scar and are a serious complication of abdominal surgery. Incisional hernias occur in 11 to 23 percent of laparotomies (Cassar 2005) . Incisional hernias enlarge over time and can result in serious complications such as pain, bowel obstruction, incarceration and strangulation, and enterocutaneous fistula.
Furthermore, the quality of life and chances for employment are reduced in patients suffering from incisional hernias.
The repair of such hernias can be performed through either an open or laparoscopic technique (Korenkov 2001) . The open technique may be a simple hernioplasty (Mayo duplication or fascia-adaptation), a components separation, or a mesh repair. The components separation technique is based on enlargement of the abdominal wall surface by separation and advancement of the muscular layers. The mesh can be placed using onlay (prefascial), sublay (subfascial or preperitoneal) or inlay techniques. In an inlay repair, the fascia is not approximated but the gap is closed by the mesh. The mesh consists of either autoplastic or alloplastic material. In an autoplastic graft, a cutis flap is used (skin autograft hernioplasty).
Synthetic mesh can be further classified into three types (Amid 1997) . Type I mesh is a totally macroporous prosthesis consisting of monofilament or double filament polypropylene. Type II mesh is a completely microporous prosthesis, such as expanded PTFE. Type III mesh is a mixed-prosthesis consisting of a macroporous prosthesis with multifilamentous or microporous components, such as PTFE mesh. Although incisional hernias result from a process that initiates within weeks of surgery, clinical appearance may take years (Burger 2005; Pollock 1989 ).
OBJECTIVES
The primary objective of this review was to identify the best available open operative techniques for repairing incisional hernias.
METHODS

Criteria for considering studies for this review
Types of studies
We included only randomized controlled studies that compared different open techniques for closure of incisional hernias. All included studies reported at least a half year follow-up, and at least 70 percent of the study participants had a mean follow-up of one year. We did not restrict the type of incision (midline, transverse, paramedian, lumbar, etc.) used in the trials.
Types of participants
We included trials that compared the interventions of interest in adult patients of both genders. Mixed studies that also included patients with other types of hernias (e.g., primary epigastric, umbilical, parastomal) were excluded. Patients with elective and emergency care were also included. We included trials that compared any of the following interventions separately or in combination:
Types of interventions
Open suture repairs as simple adaptation of fascia, duplication of fascia (Mayo procedure) and components separation.
Open mesh repairs with allo-and autoplastic materials.
Types of outcome measures
The primary outcome for the review was the number of participants who developed a recurrent incisional hernia as defined in the included studies. We reported the primary outcome at different follow-up times, as available from the individual studies, although the primary outcome of interest was the rate of recurrence of incisional hernia after at least a oneyear follow-up.
The secondary outcomes for the review were defined by the individual investigators and were as follows:
Length of hospital stay in days, enterocutaneous fistula, cosmesis, patient satisfaction, operating time (minutes) and wound pain. Acute postsurgical pain due to the incision was distinguished from chronic pain (possibly due to mesh reaction). Wound complications including acute infections, and chronic infections such as sinus/fistula tracts, mesh infection, and seroma/haematoma formation were also secondary outcomes.
Search methods for identification of studies
See: Colorectal Cancer Group methods used in reviews.
Electronic search included MEDLINE, EMBASE, LILACS, and the Cochrane Central
Register of Controlled Trials (CENTRAL). There was no limitation based on language or date of publication.
Manual searches including reference lists of all included studies were used to identify randomized trials that the electronic search may have failed to identify.
We used the following search terms in different combinations as MeSH (Medical Subject Heading) terms and as text words: incisional hernia, ventral hernia, and surgical treatment outcome.
Data collection and analysis
Selection of studies
Two reviewers independently assessed the title and abstracts of all reports identified by electronic and manual searches. Each report was labeled as (a) definitely exclude, (b) unsure or (c) definitely include. Full text articles of abstracts labeled as "unsure" were reassessed according to the inclusion criteria for this review. Any differences were resolved through discussion. Studies labeled as "definitely exclude" were excluded from the review, while studies labeled as "definitely include" were further assessed for methodological quality.
Abstract publications were only selected when a full manuscript was obtained from the study authors.
Data extraction and management
Two reviewers independently extracted the data for the primary and secondary outcomes and entered the data into paper data collection forms developed for this purpose. Discrepancies were resolved by discussion. Authors of included studies were contacted for missing data.
One reviewer entered all data into RevMan 4.2. The second reviewer independently reentered the data, using the double data-entry facility in order to verify the data entered
Assessment of methodological quality of included studies
Two reviewers independently assessed the included studies for sources of systematic bias in trials, according to the guidelines in section 6 of the Cochrane Handbook for Systematic Differences between the two reviewers were resolved by discussion. Masking of outcome assessors in the included studies was assessed.
Measures of treatment effect
Data analysis followed the guidelines outlined in Section 8 of the Cochrane Handbook for Systematic Reviews of Interventions 4.2.5 (Deeks 2005).
Dichotomous outcomes:
Dichotomous outcomes (e.g., presence/absence of recurrence, complications) were reported as proportions and were directly compared (difference in proportions). We used these proportions to calculate risk ratios (RRs) and absolute risk reductions (risk differences) with 95% confidence intervals (CIs). Data from survival curves comparing different treatments were extracted to calculate hazard ratios (Parmar 1998).
Continuous outcomes:
For continuous data (e.g., operating time, length of hospital stay, quality of life, pain scores) results are presented as weighted mean differences (WMD).
We used Review Manager 4.2 software (RevMan 4.2, Cochrane software) for generating the figures and statistical analyses.
Assessment of heterogeneity
We explored heterogeneity using the chi-squared test with significance set at a p-value less than 0.10. The quantity of heterogeneity was estimated by the I-squared statistic.
Because prior statistical evidence existed for homogeneity of effect sizes, the planned analysis used a fixed effect model.
Sensitivity analysis
Sensitivity analyses were conducted to determine the impact of exclusion of studies with lower methodological quality. The sensitivity analysis was performed for the recurrence rate in order to test the effect of removing studies. The methodological quality of studies was inadequate in the following situations: when the allocation sequence was not generated by a computer or random number table, when the reasons for dropouts and withdrawals were not described, or when the analysis was not performed on intention to treat basis.
RESULTS
Description of studies
A total of seven trials comparing different open surgical procedures for incisional hernias were included (see 'Characteristics of included studies' table for further details) with a total enrolment of 1,141 patients. In addition, one study with 65 patients was excluded (see 'Characteristics of excluded studies') because follow-up in one of the groups was limited to only four months (Schumpelick 1999) . From all studies a full publication from a journal or a copy of the original poster was retrieved (Baracs 2007; Köhler 2004) .
Risk of bias in included studies
Results of the quality assessment are given in the 'Characteristics of included studies' table. In general, the study quality was assessed as fair to moderate with regard to methodology and all trials were large enough to detect useful clinical differences between groups. 
Randomization
Effects of interventions
Statistical analyses were performed using the fixed effects model, since we assumed that all variation between studies was caused by chance and that studies measured the same overall effect. Even if a random-effects model was used, our conclusions remained the same. The results were expressed as relative risk (RR) for dichotomous outcomes and weighted mean difference (WMD) for continuous outcomes with 95% confidence intervals (CI). The pooled recurrence rate was 33.3% for the suture repair group and 16.4% for the mesh group. The number needed to treat to benefit (NNTb) was 6 for the suture group patients.
The calculated hazard ratio for recurrences in the Burger 2004 study was 2.08 (CI 1.35 to 3.22) and it was 1.36 (CI 0.31 to 6.03) for the Korenkov 2002a study. Pooling of these two studies yielded a hazard ratio of 2.01 (CI 1.32 to 3.06; p=0.001). 
Chronic wound pain
The frequency of chronic wound pain was not statistically different between the groups (Comparison 01:02: RR 1.02, 95% CI 0.62 to 1.68; p=0.92). The pain outcome in the Korenkov 2002a study was defined as the presence of wound pain measured on a visual analogue scale (VAS) after one year, therefore corresponding to a VAS score greater than one. However in the Burger 2004 study chronic wound pain was scored positively when the patient had experienced scar pain during the last month prior to follow-up (median follow-up for suture repair was 75 months and 81 months for mesh repair patients).
Satisfied with cosmetic result
The satisfaction with the cosmetic result was not statistically different between the groups (Comparison 01:03: RR 0.90, 95% CI 0.68 to 1.20; p=0.48).
Wound Infection
Wound infection was more frequent in the mesh group than in the suture repair group (Comparison 01:04: RR 0.09, 95% CI 0.01 to 0.70; p=0.02). In the Burger 2004 study, 6 of the 60 mesh repair patients were scored as having deep infection: 3 patients had a fistula from mesh to skin, 1 patient a mesh infection and 2 patients an enterocutaneous fistula. In the Korenkov 2002a study, 4 of the 39 mesh repair patients were scored as having local infectious complications. Two meshes had to be removed.
The pooled infection rate was 0% for the suture repair group and 10.1% for the mesh group.
The number needed to treat to harm (NNTh) was 10 for the mesh group patients.
Lightweight mesh versus standard mesh in sublay position
The Conze 2005 study investigated lightweight mesh versus standard mesh in the sublay position with closure of the peritoneum, posterior rectus sheath and reconstruction of the line alba in hernias larger than 4 cm. These three studies comparing suture repair with mesh repair included small hernias which were defined as being smaller than 10 cm, smaller than 6 cm and smaller than 25 cm2, respectively. So these studies also included hernias smaller than 4 cm, which had for instance a lower recurrence rate in a retrospective observational study with the suture technique A study by de Vries 2007a compared the components separation technique with intraperitoneal prosthetic repair in giant hernias. The recurrence rates were high and equal in both groups. The recurrence rate in the intraperitoneal group (58%) was not comparable with that found in Afifi's study (recurrence rate 0%), as the size of the hernia defect was different, the fascia closure was different and the 95% confidence intervals in Afiifi's study were large and insignificant.
In all included studies, the direct suture repairs were inappropriately described. For instance the different possibilities in direct closure technique such as the use of which suture material (absorbable versus non-absorbable or slowly absorbable), continuous versus interrupted closure of the fascia, suture to wound length ratio and in relation with this ratio the size and interval of the fascial bites, were incompletely described. Furthermore, recurrences were not objectively defined and were generally diagnosed by clinical examination rather than through imaging techniques. 
AUTHORS' CONCLUSIONS
Implications for practice
There is good evidence from three trials included in this review that open mesh repair is superior to suture repair in terms of recurrences, but inferior in the occurrence of wound infection. There is insufficient evidence from five trials in this review as to which type of mesh or which position of the mesh (on-or sublay) should be used in open ventral hernia repair. Also, insufficient evidence was found to advocate the use of the components separation technique.
Implications for research
Given its ongoing use, further randomized trials of high methodological rigor are needed in 
